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The implementation of a trigger for hadronically decaying tau leptons at the Large Hadronic Collider (LHC) is
challenging due to the high background rate, on the other hand it increases tremendously the discovery potential of
ATLAS in searches for Standard Model (SM) or Supersymmetric (SUSY) Higgs or other more exotic final states.
In this paper we describe the ATLAS tau trigger system, focusing on the early data taking period, and present
results from studies based on GEANT 4 simulated events, including trigger rates and the acceptance of tau leptons
from SM processes. In order to cope with the rate and optimize the efficiency of important physics channels, the
results of the current simulation studies indicate that ATLAS tau triggers should include either relatively high
transverse momentum single tau signatures, or low transverse momentum tau signatures in combination with
other signatures, such as missing transverse energy, leptons, or jets.
21. Introduction
In ATLAS [1], the trigger system is divided
into a hardware based component (level one -L1-),
and two software based parts (level two -L2- and
event filter -EF-), both referred together as High
Level Trigger (HLT). The trigger system together
with the oﬄine reconstruction and prospects for
physics analyses in ATLAS are fully documented
in [2].
Important components of this system are tau
triggers, which select hadronic decays of tau lep-
tons, characterized by the presence of one or three
charged hadrons accompanied by a neutrino and
possibly neutral pions. At the initial luminosity
(1031 cm−2 s−1), the focus of these triggers is to
collect samples that are useful for understanding
the detector and the tau reconstruction software.
Tau signatures combined with missing transverse
energy signatures are essential to provide data
samples enriched in W→ τν events, which pro-
vide an important sample of real taus needed to
refine tau identification algorithms. Additionally,
single tau triggers with large prescale factors will
provide samples for rate studies of jets with tau-
like signatures.
At high luminosity, tau triggers are essential to
enable the collection of data samples for searches
based on single tau lepton final states, like Min-
imal Supersymmetric Standard Model (MSSM)
H± → τν decays. They will also be used for fi-
nal states with more than one tau lepton, like SM
Higgs boson, MSSM neutral Higgs boson, or Z ′
boson decays.
2. Overview of the tau trigger
The L1 tau trigger selection is fully docu-
mented in [3]. It is a hardware trigger based on
electromagnetic (e.m.) and hadronic calorimeter
information, and uses trigger towers of approxi-
mate size ∆η×∆φ = 0.1×0.1, with a coverage up
to |η| < 2.5 (given by the high-granularity e.m.
calorimetry and the inner-detector coverage). In
the selection of the L1 candidates a Region of In-
terest (RoI) of 4 × 4 towers (0.4 × 0.4 in η × φ)
is used. The L1 ET is calculated from the en-
ergy defined by the two most energetic neighbor-
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ing central towers in the e.m. calorimeter plus
the central 2× 2 towers of the hadronic calorime-
ter. Other methods to determine the L1 ET have
been assessed but they have shown to be less
performant. Therefore, this L1 ET definition is
kept. In addition to the reconstructed L1 ET ,
two isolation quantities are also built from the
isolation ring in the e.m. and hadronic calorime-
ters (energy between 0.2 × 0.2 and 0.4 × 0.4 in
the e.m. and hadronic calorimeters). Different
thresholds to these quantities defined the various
L1 tau triggers, and the seed position is defined
by the center of the RoI. The rates for a luminos-
ity of 1031 cm−2s−1 are evaluated by using simu-
lations of the QCD backgrounds. The expected
rate including all physical processes (minimum
bias rate) is given as a function of the cut value
applied to the L1 ET in Fig. 1. The effect of an
isolation cut of 6 GeV in the e.m. calorimeter is
also shown in Fig. 1.
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Figure 1. Expected rate including all physical processes
at a luminosity of L = 1031 cm−2s−1, as a function of the
cut applied to the L1 ET without isolation cut and with
an isolation requirement of 6 GeV in the e.m. calorimeter.
The selection at the HLT makes use of the
tracking and full granularity calorimeter infor-
mation. Whilst fast and specialized algorithms
are used in the L2, more sophisticated and pre-
cise determinations can be performed in the EF.
The L2 calorimeter algorithm first refines the
L1 position using the second layer of the e.m.
calorimeter. Then it selects narrow jets in the
detector by means of a calorimeter shape vari-
3able (only determined from the second layer of
the e.m. calorimeter). And finally the total en-
ergy from all the layers of the e.m. and hadronic
calorimeters is computed. The shape variable cal-
culated at this level (EMRadius), obtained with
respect to the refined L2 position of the RoI,
is presented in Fig. 2 left for low and high ET
taus. It is an energy-weighted squared radius
(∆R =
√












The distributions show that it is difficult to distin-
guish QCD jets from real taus at low ET , whilst
the situation improves for high ET taus. Other
shape variables (as an isolation quantity in the
second layer of the e.m. calorimeter or an η
width in the first layer of the e.m. calorimeter)
have been evaluated in addition to EMRadius but
the rejection capability does not increase signif-
icantly. The quantity EMRadius together with
the total energy are the base of the L2 calorime-
ter selection.
At L2, the standard L2 track reconstruction
is used. To keep the L2 execution time within
budget, only SCT and Pixel detectors are used.
Tracks with pT > 1.5 GeV are reconstructed in a
rectangular RoI of size η×φ = 0.6× 0.6 centered
on the L2 calorimeter position. The highest pT
track is determined and three regions are defined:
two cones around this track with radius ∆R equal
to 0.15 and equal to 0.3, respectively, and an iso-
lation ring with ∆R between 0.15 and 0.3. Figure
2 2 (middle and right) presents the two most rele-
vant selection variables at this level, based on the
track list : the pT of the track with the highest pT ,
and Pt Iso/Core which is the ratio of the scalar
sum of the pT of all tracks in the isolation ring and
in the 0.15 cone. Two complementary selection
variables with looser requirements are the total
charge and the number of tracks in the 0.3 cone.
A stronger constraint on these two last quanti-
ties would be problematic because the number of
fake tracks at L2 is higher than what the more
sophisticated oﬄine reconstruction finds [2]. In
addition, the oﬄine reconstruction of single tau
lepton final states (e.g. from W → τν) relies on
an unbiased track distribution to estimate back-
grounds and extract the number of signal events.
At the EF level, the selection follows the of-
fline reconstruction procedure as closely as possi-
ble except that only data in the RoI defined by
L2 is used. The EF tracking reconstruction is
described in [2]. Tracking is performed in a rec-
tangular RoI of size η × φ = 0.6 × 0.6 centered
around the L2 tau trigger candidate.
To create an EF tau trigger candidate, the
EF single tau triggers execute the calorimeter
and track-based identification [2] in the follow-
ing way. Cells in a rectangular region of size
η × φ = 0.8 × 0.8 centered around the L2 tau
trigger candidate are collected and used to form
a topological jet and reconstruct the direction
of the EF tau trigger candidate. Additionally,
some quality criteria are applied to tracks re-
constructed in the RoI, and if more than one
track is found a secondary vertex reconstruction
is attempted. The transverse energy and the
calorimeter shower shape variables are built from
cells from all calorimeter layers collected in the
RoI and using the newly reconstructed direction.
Finally, an overall hadronic calibration [4] is ap-
plied to all cells, and a tau-specific jet calibration
is applied to the tau trigger candidate.
Figure 3 shows some relevant quantities in the
EF selection. The quantities are the calibrated
ET , obtained from the energy calculated in all
e.m. and hadronic cells found in a cone of ∆R =
0.4; EMRadius, which is an energy weighted ra-
dius (not squared unlike L2) and obtained in an
annulus, exploiting the small transverse shower
profile of tau leptons, and N Tracks, which is the
number of tracks associated to the reconstructed
tau. The EF selection also uses the pT of the
track with the highest pT and the invariant mass
from the tracks. Different selections for one and
multi tracks reconstructed taus are applied.
3. Tau trigger signatures
The single tau signatures are the basic ele-
ment in the ATLAS trigger menu for collecting
hadronic decays of tau leptons. Therefore, These
signatures, however, cannot be used standalone
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Figure 2. L2 variables to distinguish QCD background from low ET taus from W → τν decays (top) and from high
ET taus from supersymmetric Higgs A → ττ decays (bottom). The variables are: calorimeter shape variable (EMRadius)
(left), pT of leading track (middle) and Pt Iso/Core (right).
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Figure 3. EF variables to distinguish QCD background from low ET taus from W → τν decays (top) and from high
ET taus from supersymmetric Higgs A→ ττ decays (bottom). The variables are: the calibrated ET (left), the EMRadius
(middle) and the number of Tracks (right).
5Table 1
Physics signal efficiency for a ”loose” type of selection at trigger level. The requirements at generator
level are summarized in Section 3.2. Errors are statistical only.
Trigger Item Wτ→hX Zττ tt¯
tau12 74.8± 0.3 88.8± 0.1 88.6± 0.2
tau16i 73.5± 0.3 86.0± 0.1 83.5± 0.3
tau20i 75.9± 0.3 85.3± 0.2 84.1± 0.3
tau29i 78.9± 0.5 83.3± 0.2 83.9± 0.4
tau38i 78.8± 0.9 78.7± 0.4 81.2± 0.5
tau50 71.7± 1.6 67.7± 0.7 70.0± 0.7
tau84 78.8± 4.0 80.3± 1.7 74.5± 1.5
2tau20i 0.0± 0.0 61.4± 0.7 55.0± 6.0
tau16i xE30 32.8± 0.6 42.8± 0.9 64.9± 0.5
tau16i EFxE30 44.7± 0.6 54.3± 0.9 71.4± 0.5
tau16i e15i 0.0± 0.0 59.1± 0.7 0.66± 0.02
tau16i mu6 0.0± 0.0 48.2± 0.5 55.2± 1.5
 (GeV)TTrue visible E





















Figure 4. Overall trigger efficiency (L1 + L2 + EF) for
different tau triggers.
unless a high ET threshold is applied. In this sec-
tion we describe the full tau trigger menu, with
an emphasis on triggers that combine tau signa-
tures with other signatures and the physics goals
they address. These combinations provide a way
to achieve the necessary rejection against back-
grounds and avoid prescale factors. Different sin-
gle tau triggers are implemented for each level,
corresponding to different threshold requirements
to the relevant variables described in Section 2.
In the signature tauXXi, the first symbol rep-
resents the particle type, the quantity ”XX” is
related to the ET threshold and the “i” indicates
 (GeV)TTrue Visible E

















Figure 5. L1, L2 and EF efficiencies for tau16i trigger.
that an isolation requirement is applied. The
tau signatures considered in this study are tau12,
tau16i, tau20i, tau29i, tau38i, tau50, tau84.
The trigger efficiency quoted in the following is
normalized to tau leptons that decay hadronically
with visible tau momentum (pvis = pτ−pν) in the
sensitive region of the detector (|η| ≤ 2.5) and
greater than the ET defined by the start of the
plateau for a given signature. Furthermore, the
efficiency is optimized to select those tau leptons
which are likely to be selected by the tau iden-
tification algorithms of the oﬄine reconstruction
software [2]. In order to optimize the acceptance
6to the desired physics samples at various lumi-
nosities, each signature is configured in three ways
(loose, medium and tight), which correspond re-
spectively to a trigger selection efficiency of ap-
proximately 90%, 80% and 70% with respect to
oﬄine reconstructed taus [2] for each level. Fig-
ures 4 and 5 present the overall trigger efficiency
(L1 + L2 + EF) for different tau triggers and
the efficiency for the tau16i at each trigger level,
respectively.
3.1. Combined tau triggers
The following triggers aiming at collecting
hadronic decays of tau leptons are currently im-
plemented in the ATLAS trigger menu, in addi-
tion to the single tau triggers already introduced:




type of trigger covers a wide spectrum of
physics channels. At low luminosity, when
the trigger rejection can be relaxed, the se-
lection of events with W → τν is the prior-
ity. tt¯ events with tau leptons in the final
state are also selected by this trigger. The
tau+Emiss
T
triggers at design luminosity are
intended for SM or SUSY Higgs (neutral or
charged) searches as well as for searches of
new exotic particles like Z ′.
• tau+`(+jets), ` = e, µ. This type of trig-
ger aims at selecting events with two rel-
atively soft tau leptons in the final state.
Two tau leptons are found in events with
a Z boson, neutral SM or SUSY Higgs.
In addition, the tau+` combination selects
events with multiple leptons like tt¯ or lepton
flavor violating processes.
• tau+tau(+jets). This type of trigger
records events where both tau leptons de-
cay hadronically. While the rejection rate
is less favorable than the tau+` case, the
sample collected is complementary to the
above and both increases statistics and al-
lows the reduction of systematics uncertain-
ties due to lepton identification. This trig-
ger is highly relevant for searches of Higgs
boson or new exotic particles like Z ′ and
will also be beneficial for SUSY double tau
end point analyzes.
• tau+jets, tau+b-jets. This type of trig-
ger is an interesting alternative for tt¯ stud-
ies. At low luminosity, it allows the study
of events with low jet ET thresholds, while
at high luminosities it is necessary to reduce
QCD and multiple interaction background
events.
3.2. Tau trigger menu performance
In this section we summarize tau trigger ef-
ficiencies for various physics signals, see Ta-
ble 12, and the corresponding rates estimated
on minimum bias samples for 100 pb−1 at L =
1031 cm−2s−1, see Table 2. For the results shown,
the physics signal efficiencies are calculated per
event, with the references:
• trigger with one (two) tau leptons: at least
one (two) tau leptons at generator level
with visible ET greater than the tau trig-
ger threshold(s) are required. Furthermore,
the generated tau leptons are identified by
the oﬄine reconstruction algorithms.
• trigger with tau+e and tau+µ: besides the
tau lepton requirement (see above item),
the additional lepton is required at gener-
ator level to have an ET greater than the
chosen lepton trigger threshold. The gener-
ated lepton additionally is identified by the
“loose” oﬄine reconstruction algorithm [2].
• trigger tau+Emiss
T
: besides the tau lepton
requirement (see item above), the missing
ET at generator level as well as the missing
ET reconstructed by the oﬄine reconstruc-
tion algorithms are required to be above the
chosen trigger threshold.
Introducing the triggers described above is im-
portant for most physics signals with tau leptons
in the final state because: (i) it allows increased
statistics (ii) it is a robust approach against fail-
ure or inefficiency of a particular trigger (e.g. due
to detector problems) (iii) it allows reduction of
systematic uncertainties by comparing results of
2The signal efficiencies and background rates have been
updated with respect to what was shown in the conference
in order to provide more recent results.
7Table 2
Minimum bias event rates without prescale factors for a ”loose” type of selection at trigger level. The
cross section value used is σ = 70 mb and the peak luminosity used is L = 1031 cm−2s−1. Errors are
statistical only.
Trigger L1 Rate (Hz) L2 Rate (Hz) EF Rate (Hz)
tau12 13822.5± 144.5 2144.2± 57.0 1118.9± 41.1
tau16i 4598.0± 83.3 812.4± 35.0 502.8± 27.6
tau20i 2639.5± 63.1 428.8± 25.5 274.8± 20.4
tau29i 913.6± 37.1 152.5± 15.2 104.2± 12.5
tau38i 219.0± 18.2 45.3± 8.3 36.2± 7.4
tau50 83.1± 11.2 7.6± 3.4 4.5± 2.6
tau84 83.1± 11.2 1.5± 1.5 1.5± 1.5
2tau20i 416.0± 7.0 9.3± 1.0 5.2± 0.7
tau16i xe30 211.4± 17.9 42.3± 8.0 4.9± 1.3
tau16i EFxe30 4598.0± 83.3 812.4± 35.0 16.3± 3.0
tau16i e15i 1000.0± 10.0 1.0± 0.3 < 0.1Hz
tau16i mu6 16.6± 5.0 4.5± 2.6 1.5± 1.5
Table 3
Rates and efficiencies for the three flavors of tau16i (loose, medium and tight), standalone and in
combination with EF Emiss
T
> 30 . The efficiencies are calculated for Wτ→hX and Zττ .
Trigger Rate(Hz) Eff( Wτ→hX) Eff(Zττ)
tau16i loose 583.1±18.9 73.5 ± 0.3 86.0±0.1
tau16i medium 282.4± 13.0 64.1± 0.3 80.1± 0.2
tau16i tight 189.1± 10.6 58.1± 0.3 75.3± 0.2
tau16i loose EFxe30 16.3±3.0 44.7± 0.6 54.3±0.9
tau16i medium EFxe30 8.2± 2.9 39.5± 0.6 50.5± 0.9
tau16i tight EFxe30 6.0± 1.7 35.7± 0.6 48.0± 0.9
8the same analysis repeated on samples selected
with different triggers.
Table 3 shows the change of rate and efficiencies
of Standard Model signals as function of tightness
of selection for one of single tau and tau+Emiss
T
combination.
In Table 1, Table 2 and Table 3 the symbol
tau+xe stands for the tau+Emiss
T
triggers.
4. Trigger timing studies
Prior to first LHC collisions, the HLT system
is tested in conditions resembling real data tak-
ing. Simulated L1 trigger signals are using QCD
background events with hard parton 35 < pT <
70 GeV/c. One exercise is the test of individual
triggers to gauge the impact of increasing thresh-
old levels on the total execution time of the trig-
ger, presented in Table 4. Although the average
execution time of each algorithm remains roughly
equal between triggers, the average total time per
event decreases as a result of the lower number of
RoIs per event for high energy triggers. The re-
sults shown in Table 4 indicate that the time per-
formance of the tau trigger should be well within
the constraint for total execution time at L2 and
EF.
Table 4
Mean algorithm execution time for some of the tau trig-
gers. All times are given in ms and per RoI, except the L2
and EF total times are given per event, in ms. The mea-
surements are performed on a simulated sample of QCD
dijets with hard parton 35 < pT < 70 GeV/c. The tests
are performed in Intel(R) XEON(TM) CPU 2.20 GHz ma-
chines.
Threshold Signature
Algorithm tau16i tau20i tau29i
L2 Calo 8.0 8.1 8.1
L2 Tracking 15.0 14.9 14.7
L2 Combined 2.0 2.0 2.2
L2 TotalTime 19.7 14.1 7.9
EF Calo 13.4 13.0 14.0
EF Tracking 269.5 268.4 247.8
EF Combined 80.7 77.8 78.9
EF TotalTime 67.5 51.2 24.6
5. Conclusion
This paper provides an overview of the ATLAS
tau trigger performance at L = 1031 cm−2s−1.
The results are obtained from GEANT 4 simu-
lations prior to LHC operations. In the selection
at L1, energy depositions in the electromagnetic
and hadronic calorimeters are used, while at L2
and EF calorimeter shower shape and energy in-
formation is combined with tracking information
from the Inner Detector.
With the initial luminosity of 1031 cm−2 s−1,
the emphasis will be primarily commissioning of
the detector and of the trigger system. Therefore
the main focus of tau triggers will be on Stan-
dard Model physics such as W → τν, Z → ττ
and tt¯ events with hadronic decays of tau leptons
in the final state. A robust trigger strategy is in
place, using single tau triggers or tau trigger in
combination with other trigger types, to ensure
the previous physics samples. From the latest es-
timates, the typical single tau trigger efficiency
in the triggers considered for a 1031 cm−2 s−1 lu-
minosity is around 80% for generated tau leptons
reconstructed by the oﬄine algorithms in a wide
range of physics channels. The overall rejection
provided by the tau triggers considered for this
luminosity is around 106.
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